United States Department of Agriculture (UN]D). 0 N RCS
Natural Resources Conservation Service = Y

Hydrologic Forecasting With
Statistical Models

Angus Goodbody
David Garen

USDA Natural Resources Conservation Service
National Water and Climate Center
Portland, Oregon

Presented at
American Meteorological Society Annual Meeting
Seattle, Washington
January 2011




United States Department of Agriculture N RCS
Natural Resources Conservation Service

Snow Survey and
Water Supply Forecasting Program

e Data collection
« Water supply forecasts
 Climate services
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SNOTEL Network
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Currently over 800 sites -

In 13 western states
http://www.wcc.nrcs.usda.gov/snow
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Water Supply Forecasting

Seasonal streamflow
volume

Published January
through June

Cooperative effort with
National Weather
Service

Over 700 forecast
points in western US




United States Department of Agriculture N RCS
Natural Resources Conservation Service

Hydroclimatic Regime Issues
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Statistical Modeling: Techniques

Regression models: Principal Forecast
components or Z-score

Optimization: Time period and
variable search
Jackknife (cross-validation) test

Linear or transformed target
variable
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Statistical Modeling: Standard Data

SNOTEL: SWE, o
precipitation, temperature |

Snowcourse: SWE

NWS cooperative network:

precipitation )

USGS: streamflow ‘: =

n n
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Model Building Philosophy

Robust models

Month-to-month consistency
Physically meaningful and explainable
Statistically valid

Operationally useful
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USDA

ONRG

SPRAGUER._| _Jan | Feb | Mar | Apr_ | May | Jun _
SWE:

Silver Creek
Strawberry
Summer Rim
Taylor Butte
PRECIPITATION:

Quartz Mountain

Silver Creek

Strawberry

Summer Rim

Taylor Butte
STREAMFLOW:
Sprague R. / Chiloquin

CLIMATE INDEX:

Trans-Nino Index

Jan
Jan
Jan

Jan

Oct-Dec
Oct-Dec
Oct-Dec
Oct-Dec
Oct-Dec

Nov-Dec

Sep-Nov

Feb
Feb
Feb
Feb

Oct-Jan
Oct-Jan
Oct-Jan
Oct-Jan
Oct-Jan

Nov-Dec

Oct-Dec

Mar
Mar
Mar
Mar

Oct-Feb
Oct-Feb
Oct-Feb
Oct-Feb
Oct-Feb

Nov-Dec

Oct-Jan

Apr
Apr
Apr
Apr

Oct-Mar
Oct-Mar
Oct-Mar
Oct-Mar
Oct-Mar

Mar

Oct-Jan

Apr May

Oct-Jan Oct-Jan

STATS: JR, JSE
STATS: N, NPC

0.68, 85.2

28, 1

0.83, 65.0

28, 1

0.88, 54.5

28, 1

0.95, 37.3

28, 1

091, 346 091, 16.3
28, 2 28, 2
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Forecast Uncertainty

« Usual regression
assumptions of
homoscedasticity and
normal distribution of errors

Forecast is interpreted as a
conditional probability
distribution

NRCS publishes five
values at different
exceedance levels (90, 70,

50, 30, 10%)

Apr-Sep flow (KAF)
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Forecast Uncertainty

UPPER JOHN DAY BASIN

Streamflow Forecasts - January 1, 2011

<=== Drier === Future Conditions === Wetter ===>

Forecast 90% 70% | 50% | 30% 10%
Period (1000AF) (L000AF) | (1000AF) (% AVG.) | (1000AF) (1000AF)

30 Yr Avg
(1L000AF)

|

|
Forecast Pt Chance of Exceeding *

|

|

MF John Day R at Ritter
MAR-JUL 136
APR-SEP 106

NF John Day R at Monument
MAR-JUL 695 870
APR-SEP 530 675
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VIPER:
Visual Interactive Prediction and
Estimation Routines

VIPER is our software environment containing all of the
statistical algorithms that we employ plus equation
management and operational forecasting utilities.

VIPER is an Excel spreadsheet application with macros and
with live web-based data retrieval from the NRCS-NWCC
and USGS databases.
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VIPER Main Interface
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580, CO, Lily Pond

Type Target Start End a0
> [Forecast Point ¥ 08248000, CO, Los Pinos River Near Ortiz, Co_v] [May | May _ ¥] 7
Type Predictors Start End
I W= Nsnowswe > 06M24, CO, Pinos Mill v B May F
2 m SnotelSwe ¥l 874, CO, Wolf Creek Summit >} May F
N 06M21, CO, Grayback | ay F
4 [ 580, CO, Lily Pond v v | May F
5 ol 06M09, CO, Platoro v v
06M04, CO, Silver Lakes v||MayF =
7 vl Oct-1F vl AprL
8 874, CO, Wolf Creek Summit vl Oct-1F =
v||Oct-1F =
v
v

-
———1

EDQD!I _'@leﬂ

08248000, CO, Los Pinos River Near Ortiz

13 08248000, CO, Los Pinos River Near Ortiz
14
,/’/
16 \
17 \
D Global month changes: Instantaneous | May F 0% g g T T T y T
5 | Station 1910 1920 1930 1940 1950 1980 1970 1980 1990 2000
Correl 90 0.322 : ;
Years 638 36/38 il Forecast Swich | Helper
Y 7o an 80 80
CunZ 0.721 0 088 0.368
PctNorm \\\\\\\ 48% 6:1% 0%| 704 70
Pred 14.95 44.9 0 32.61 .
Station 8 0 12| 601 o 60
Correl 0.8 o
Years 01 * g% S = 50 1 =
CunZ 0 40 4 . > I i IS
PctNorm 8% . § 40 =
Pred » 6 301 . A 8 304 g
Station 4 5 6 18| | * .
Correl b 20 4
Years 10 "
CunZ & 101
PctMorm 0 [ i | 0 ! ! ! !
Pred A0 G P & & 0 02 04 06 08 1
Group SnotelSwe SnowSwe SnotelPrcp NWSCoop USGSStrm NRCSStrm
Carrel 0.899 0.900 0.853 Analysis Type Transformation More Predictors... (none active)
‘Years 36 36 25 Yolume  Pct First Year Used Advanced Settings... (none active)
CunZ 0.727 0.831 1.110 10 57.21 162% Last Year Used - -
Pred 4495 47.20 51.26 30 5145  146% Target Data Src Helper Predictand... (ot active)
Group Climind Reservoir  RouteQawdb All 50 47.53 135% Publication Date Clear Recaloulate
Correl 0.902 70 43.62 124% Published?
Years 36 90 37.86 108% PCA
CunZ 0.882 standard  jackknife #comp
Pred 47.5339726 12 0.814 % var
Statistics Average Median Min MinYear Max  MaxYear| StdErr 7.40 Offl Norm
POR 347 381 21 2002 B6.7 1985[StdEnSS 0.563 35.2167
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VIPER Main Interface

a0 —a— Observed
—4&— Predicted
#— Historical

Selecting
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predictands \ \
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Group SnotelSwe SnowSwe SnotelPrcp NWSCoop USGSStrm NRCSStrm

Carrel 0.899 0.900 0.853 Analysis Type Transformation More Predictors... (none active)
Years 36 36 25 Yolume  Pct First Year Used Advanced Settings... (none active)
CunZ 0727 0.831 1.110 10 57.21 162% Last Year Used
Pred 4495 47.20 51.26 30 5145  146% Target Data Src Helper Predictand... (ot active)
Group Climind Reservoir  RouteQawdb All 50 47.53 135% Publication Date Clear Recaloulate
Caorrel 0.902 70 4362 124% Published?
Years 36 90 3786 108% PCA
CunZ 0.882 standard  jackknife #comp
Pred 47.5339726 12 0.814 % var
Statistics Average Median Min MinYear Max  MaxYear| StdErr 7.40 Offl Norm

POR 347 38.1 21 2002 B6.7 1985|5tdEnSS 0.563 35.2167
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Selecting
predictors and

Forecast vs observed time series

predictands

Station availability, weights
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Selecting
predictors and
predictands

Forecast vs observed time series

Station availability, weights

Helper
variable
Scatterplot/
Forecast
progression

Fcst vs obs
scatterplot

B T T T2 T3 U5 U5 T
Analysis Type Transformation  |None = More Predictors... (none active)
Yolume  Pct First Year Used 1970 Advanced Settings... (none active)
10 57.21 162% Last Year Used 9999
30 51.45 146% Targei Data Src | AWDE v Helper Predictand... (not active)
50 47.583 135% Publication Date |May = Clear Recaloulate
70 43.62 124% Published? v
90 37.86 108% PCA
standard  jackknife #comp

2 0.814 % var

atistics Average fediar
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JHT NOrTT
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Selecting Forecast vs observed time series
predictors and
predictands
Station availability, weights
Helper
variable
Fest ysobs Scatterplot/
Predicto scatterplot
Forecast
7 © e progression
Probability Settings

bounds

standard jackknife
12 0.814

tics

T NOrrT
35 2967

PCR
#comp
% var




United States Department of Agriculture (UN]D). 0 N RCS
Natural Resources Conservation Service = Y

VIPER Main Interface

[ | 17 [ v [ v [ w | x [ Y [ Z | A | AB | AC | Al

And, off to the right, is a S orslalon »

X-Variable

scatterplot and time \

series plot.

Predictor 4 v
Transformation:

Slope  1.1425 1892 99
Intercept -3.72558 Va
R 0921 /88
R2  0.848 A 103

N
o

83

._,
S
215
g
Q.

o1 gq it
90 S

X
Original 196 19.2
Estimated 20.0662 18.6674

O-E -0.46618 0.53261 i
Predictor 3

—+—Predictor 3 ~—+—Predictor 4




United States Department of Agriculture (UN]D). 0 N RCS
Natural Resources Conservation Service = Y

VIPER Main Interface

Selecting the target and predictors -- closeup:

A B C D E B G H

1 Type Target Start End
2 »| [Forecast Point_¥] [ 10234500, UT, Beaver R hr Beaver, Ut v| lapr ]«

l 3 Type Predictors Start End
4 fz =M Snotelswe W 621, UT, Merchant Valley vl aprF wRBAprF  w
5 E =l SnotelSwe M 339, UT, Big Flat vyHaAprF YHAprF w
B 0 V| | snotelswe v} ss7, UT, Kimberly Mine WaprF ~Haprr =)
7 LV i> SnotelPrcp vl 621, UT, Merchant Yalley vl Oct-1F vl MarL L
8 v 8 - N SnotelPrcp v B 339, UT, Big Flat v Oct-1F vHMarlL =
9 v <||snotelrrep )| ss7, UT, Kimberly Mine vlloct-1F v|[MarL =
10 [ I > st vl Jan-1 W Jlan-1
11 > ¥ vWJan-1 +WJan-1 R
12 [: = ks v||Jan-1 w}|Jan-1 =
13 | r- st v N v - vl
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VIPER Station Optimization

VIPER REGRESSION COMBINATION OPTIMIZATION
SUMMARY OUTPUT

Number of combinations evaluated = 727
Created on 1/12/2011 10:43:11 AM by dgaren

Transformation type: None
Analysis type: Principal Components

VARIABLES:
Y1l 14046000, APR-SEP, SRVO,USGS,OR, USGS,N. F. John Day At Monument

X1 304, JAN,WTEQ, SNTL, OR, AWDB, Arbuckle Mtn

X2  361,JAN,WTEQ, SNTL, OR, AWDB, Bourne

X4 494, JAN,WTEQ, SNTL, OR, AWDB, Gold Center

X5  605,JAN,WTEQ, SNTL, OR, AWDB, Lucky Strike

X6 608, JAN,WTEQ, SNTL, OR, AWDB, Madison Butte

X7  821,JAN,WTEQ, SNTL, OR, AWDB, Tipton

X9  304,0CT-DEC,PRCP, SNTL, OR, AWDB, Arbuckle Mtn
361,0CT-DEC, PRCP, SNTL, OR, AWDB, Bourne
494,0CT-DEC, PRCP, SNTL, OR, AWDB, Gold Center
605, 0CT-DEC, PRCP, SNTL, OR, AWDB, Lucky Strike
608, 0CT-DEC, PRCP, SNTL, OR, AWDB, Madison Butte
821, 0CT-DEC, PRCP, SNTL, OR, AWDB, Tipton
TNI, JUL-NOV,OI,CLMIND, NA,AWDB, Tni Climate Index
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VIPER Station Optimization

EQUATION SUMMARY:

RANK VARIABLES JACKKNIFE JACK. NUM.
11 1 1111122222222 22 STANDARD CORR. OBS. NUM.
12345678901 456789012345 ¢6728279 ERROR COEF. USED PC'S

156.567
160.246
161.365
161.641
161.795
162.049
162.053
162.194
162.247
162.415
162.505
162.570
162.664
162.678
163.013
163.023
163.123
163.148
163.207
163.364

.753 29
.751 29
L7477 29
. 746 29
. 745 29
. 744 29
. 745 29
.732 29
.731 29
.731 29
.730 29
.731 29
.742 29
.730 29
.741 29
.741 29
.741 29
. 740 29
. 740 29
. 740 29

1
2
3
4
5
6
5
8

XXX X X X X X XX X X X X X X X X X X
XXX X XX X X XX X X X X X X X X X X
XXX X XX X X XX X X X X X X X X X X
O O O O O O OO O O O OO OO o O o O O
[NCRE ST O RN A S ) S R T R R R AC T O I A O \ O R AC TR \O I
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Examples of Equation Development

Colorado River
John Day River

Remainder of presentation is a live demo ...
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NFJOHNDAYR. | Jan | Feb | Mar | Apr | May | Jun
SWE:

Arbuckle Mountain Jan Feb Mar Apr May

Bourne Jan Feb Mar Apr

Gold Center Jan Feb Mar Apr

Lucky Strike Jan Feb Mar Apr

Madison Butte Jan Feb Mar Apr

Tipton Jan Feb Mar Apr

PRECIPITATION:

Arbuckle Mountain Oct-Dec Oct-Jan Oct-Feb Oct-Mar Oct-Apr

Bourne Oct-Dec Oct-Jan Oct-Feb Oct-Mar Oct-Apr

Gold Center Oct-Dec Oct-Jan Oct-Feb Oct-Mar Oct-Apr

Lucky Strike Oct-Dec Oct-Jan Oct-Feb Oct-Mar Oct-Apr

Madison Butte Oct-Dec Oct-Jan Oct-Feb Oct-Mar Oct-Apr

Tipton Oct-Dec Oct-Jan Oct-Feb Oct-Mar Oct-Apr
STREAMFLOW:

NF John Day / Monument Mar Mar-Apr May
CLIMATE INDEX:

Trans-Nifo Index Jul-Nov Jul-Dec Jul-Dec Jul-Dec Jul-Dec Jul-Dec
STATS: JR, JSE 0.64, 183.0 0.73, 160.3 0.71, 165.8 0.82, 135.3 0.79, 11.7 0.83, 48.1
STATS: N, NPC 26, 1 26, 1 26, 1 26, 1 26, 2 26, 2




